Analysis of saliva samples from individuals aged $60 years who had a history of zoster (group 1), zoster and postherpetic neuralgia (PHN; group 2), or no history of zoster (group 3) revealed varicella zoster virus (VZV) DNA in saliva samples from 11 of 17 individuals in group 1, 10 of 15 individuals in group 2, and 2 of 17 individuals in group 3. The frequency of VZV DNA detection was significantly higher (P 5 .001) in saliva of subjects with a history of zoster, with or without PHN (21 [67%] of 32 subjects in groups 1 and 2), than in saliva of age-matched subjects with no zoster history (2 [12%] of 17 subjects in group 3). Thus, persistence of VZV DNA in saliva is the outcome of zoster, independent of PHN. Because VZV infection can produce neurological and ocular disease without zoster rash, future studies are needed to establish whether VZV DNA can be detected in the saliva of such patients.
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Varicella zoster virus (VZV) is a neurotropic alphaherpesvirus. Primary infection usually causes varicella (chicken pox), after which virus become latent in ganglionic neurons along the entire neuraxis [1, 2] . Reactivation decades later produces zoster (shingles) frequently followed by chronic pain (postherpetic neuralgia [PHN] ), mostly in individuals .60 years old. The cause and pathogenesis of PHN are unknown. Two non-mutually exclusive theories are that (1) the excitability of ganglionic or even spinal cord neurons is altered, and (2) there is persistent productive virus infection in ganglia. Although virological analyses of ganglia demonstrating productive VZV infection from patients with PHN have not been conducted, evidence supporting the second theory comes from the detection of VZV DNA in peripheral blood mononuclear cells (PBMCs) of elderly patients with PHN for years after zoster [3] , but not in PBMCs collected .38 days after zoster in patients who did not develop PHN [4] ; these observations might reflect the acquisition of virus by mononuclear cells, particularly antigen-presenting cells, while trafficking through productively infected ganglia [5] . Further evidence of persistent productive infection in PHN has been provided by an open-label study reporting clinical improvement after intravenous acyclovir in 8 (53%) of 15 patients with PHN [6] .
Active VZV infection can also be confirmed on the basis of the detection of VZV DNA in human saliva. VZV DNA was first detected in saliva of patients with Ramsay Hunt syndrome (facial paralysis and zoster oticus), including patients with facial paralysis who did not have rash [7] . VZV DNA was later found in saliva of stressed healthy astronauts [8] as well as in all of 54 patients with acute herpes zoster studied over a 3-week period [9] . To test whether VZV DNA might remain in the saliva of zoster patients with PHN for a longer time than in zoster patients who did not develop PHN, we analyzed saliva samples from individuals aged $60 years who had (1) a history of zoster but not PHN, (2) zoster and PHN, and (3) no history of zoster. (Table 1) . Seven saliva samples were obtained from each subject over a 2-week period. Samples were collected, DNA was extracted, and VZV DNA was quantified by real-time polymerase chain reaction (PCR) as described elsewhere [9] . The VZV DNA copy number was determined by comparing the cycle threshold (Ct) value of the test samples to Ct values obtained by PCR in dilutions of VZV DNA extracted from virus nucleocapsids [10] . A sample was considered to be positive if at least 2 of the 3 quantitative PCR replicates were positive. The limit of quantitative PCR detection was 10 copies of VZV DNA per milliliter of saliva; samples containing ,10 copies/mL of saliva are indicated by plus signs in Table 1 .
The Fisher exact 2-tailed test was used to test differences in frequencies between sample groups with significance set at P , .05. Linear regression analysis was used to determine significance (R 2 . 0.95) between days positive for VZV in saliva and months after zoster. The Mann-Whitney U test was used to determine the statistical difference in VZV DNA copy number between group 1 (zoster) and group 2 (PHN).
RESULTS
VZV DNA was found in the saliva samples from 11 of 17 individuals with a history of zoster but not PHN (group 1), 10 of 15 subjects with PHN (group 2), and 2 of 17 subjects with no zoster history (group 3) ( (Table 2 ), but the prevalence of positive saliva samples in subjects with a history of zoster with or without PHN (60 positive samples of the total 224) did not differ significantly from that in the subjects with no zoster history (P 5 .461). The mean (6 SD) time from zoster to saliva collection in group 1 was 29 6 34 months (range, 9-144 months), and that in group 2 was 24 6 16 months (range, 3-51 months) NOTE. The prevalence of varicella zoster virus (VZV) DNA in saliva of subjects with zoster or postherpetic neuralgia compared with age-matched control subjects with no history of zoster was highly significant (P 5 .001; Fisher exact test).
( Table 1 ). Of the 7 saliva samples collected from each individual in the 3 groups, a mean (6 SD) of 2 6 2 samples (range, 0-7 samples) were positive for VZV DNA in group 1, 2 6 2 samples (range, 0-6 samples) were positive in group 2, and 0.2 6 0.5 samples (range, 0-2 samples) were positive in group 3. Comparison among the groups with respect to the mean number of days positive for VZV DNA in the saliva (Figure 1 ) revealed no significant difference between groups 1 and 2 (P 5 .75); however, the mean number of days positive for VZV DNA in saliva differed significantly between group 1 (subjects with zoster) and group 3 (controls; P 5 .005), and between group 2 (subjects with PHN) and group 3 (controls; P 5 .001).
The mean (6 SD) number of VZV DNA copies per milliliter of saliva in samples positive for VZV DNA was 627 6 375 copies/mL (range, 19-1,072 copies/mL) in group 1, 397 6 438 copies/mL (range 11-1,274 copies/mL) in group 2, and 783 6 1 copies/mL (range, 783-784 copies/mL) in group 3 (Table 1 and Figure 2) . No statistically significant difference in VZV DNA copy number was found between group 1 (subjects with zoster) and group 2 (subjects with zoster and PHN; P 5 .14). Furthermore, there was no significant correlation between the time interval from zoster to saliva collection and the number of days testing positive for VZV DNA in either group 1 or group 2 (R 2 5 0.05 and 0.0003, respectively) ( Figure 3 ).
DISCUSSION
In this study, we examined saliva for the presence of VZV DNA in immunocompetent individuals aged $60 years and grouped according to zoster status. Remarkably, we detected VZV DNA in saliva samples from subjects with a history of zoster up to 12 years after illness, regardless of whether they had PHN, whereas only 2 (12%) of 17 age-matched subjects with no zoster history showed VZV DNA in their samples. Note that neither the number of positive saliva samples nor the copy number of VZV DNA in saliva differed significantly between the subjects with zoster alone (group 1) and those with zoster and PHN (group 2), indicating that zoster predicts the presence of VZV DNA in saliva, not the chronic pain afterward. The detection of VZV DNA in the saliva of 2 subjects aged $60 years with no history of zoster is most likely the outcome of VZV reactivation without rash. This is not surprising given the magnitude of virologically confirmed VZV-induced neurological and ocular disease such as cerebellar ataxia, meningoencephalitis, VZV vasculopathy, myelitis, zoster sine herpete, and retinitis without any history of zoster rash (reviewed in [11] ). An earlier study reported the detection of VZV DNA in the saliva of 54 zoster patients examined, although the age range of those zoster patients was 21-82 years and their saliva was studied for only 3 weeks after zoster [9] . The detection of VZV DNA [8] and of infectious VZV [12] in the saliva of healthy stressed astronauts points to the need to compare the duration of detectable VZV DNA in saliva of zoster patients ,60 years old with that in zoster patients $60 years old. Furthermore, VZV DNA has also been detected in saliva of individuals $60 years old for 1 month after immunization with Zostavax (Zoster Vaccine Live) [13] , suggesting that human saliva should be examined for VZV DNA and infectious virus for longer times after immunization.
Although no immediate explanation is apparent for the persistence of VZV DNA in saliva of subjects with a history of zoster, our data support those of earlier studies which revealed that the presence of virus is not restricted to the affected dermatome. For example, VZV DNA was found in the saliva of each of 54 patients with zoster on the face, trunk, and upper and lower extremities [9] . VZV DNA is also present in blood mononuclear cells during acute zoster [14] as well as in blood mononuclear cells of some elderly individuals with no history of zoster [15] . Overall, the detection of VZV DNA in saliva and blood indicates that after reactivation from ganglia, virus does more than travel transaxonally anterograde to skin. Furthermore, although the origin of VZV DNA in saliva is still unknown, infectious virus has been found in the saliva of patients with acute zoster [9] and in healthy astronauts [12] . The detection of VZV DNA in saliva of some elderly individuals for many years after zoster may reflect their inability to drive virus back to the latent state, just as a smoldering ganglionitis has been speculated to explain the development of postherpetic neuralgia [5] . Both phenomena could readily be explained by individual differences in host-cell-mediated immune responses to VZV.
Finally, the potential usefulness of saliva in diagnosis of patients with neurological and ocular disease should be considered. Future studies are needed to establish whether VZV DNA can be detected in the saliva of such patients. To date, definitive virological confirmation has required blood and cerebrospinal fluid examination for VZV DNA and anti-VZV immunoglobulin G and M. 
